Ar-SO 2 -NH -and H + ) and the pK a of HCAII-OH 2 + (i.e., the pK a corresponding to the dissociation of HCAII-OH 2 + to HCAII-OH and H + ). In contrast with the pK a for the dissociation of HCAII-OH 2 + (where species with +1 charges exist before and after dissociation), the pK a for the dissociation of BTA (where charged species exist only after deprotonation of the sulfonamide) is sensitive to ionic strength. Accordingly, we estimated the pK a of the sulfonamide group of BTA in the presence of each sodium salt (i.e., a 10 mM of sodium phosphate buffer with 100 mM of a specific sodium salt) by using Eq. S1. 
In Equation S1
, pK a ' is the pK a of the sulfonamide group of BTA in 10 mM sodium phosphate buffer (pK a ' = 8.2 as determined by Breiten et al. 3 ),
,100 ′ is the pK a of the sulfonamide group of BTA in 10 mM sodium phosphate buffer with 100 mM of a specific sodium salt, γ + and γ -are the activity coefficients for ions with +1 and -1 charges, respectively, in 10 mM sodium phosphate buffer, γ + 100 and γ -100 are the activity coefficients for ions with +1 and -1 charges, respectively, in 10 mM sodium phosphate buffer with 100 mM of a specific sodium salt, I is the ionic strength of the buffer, and Z i and c i are the charge and valence, respectively, of species i in the buffer. The speciation of anions in buffers containing Na 2 HPO 4 , NaCH 3 COO -, and NaHCO 3 , at pH 7.6 was estimated using pK a values reported by Goldberg et al.
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further elaborated by Stumm and Morgan 5 . Values of pK a and I for each buffer condition are reported in Table S3 .
For all experiments, we used the following stock solutions of reagents: 20 mM BTA (DMSO), 2 M sodium salt (in 10 mM sodium phosphate buffer, pH 7.6), and 100-200 μM HCAII (10 mM sodium phosphate buffer, pH 7.6). Solutions of sulfate were prepared with a disodium salt; solutions of phosphate, with a combination of monosodium and disodium salts to yield a buffer with pH = 7.6. All other solutions were prepared with monosodium salts. To reduce such errors, we carried out the following steps: (i) we compared the binding stoichiometry of BTA with the methazolamide standard to obtain an accurate concentration of BTA in the stock solution; (ii) we determined the concentration of active protein before and after each set of seven runs by measuring ΔH°b ind and K a of a standard sulfonamide (methazolimide) for which the concentration had been determined accurately with NMR; (iii) we used identical stock solutions of BTA for each experiment, thereby eliminating changes in the concentration of BTA between experiments; and (iv) we used seven separate ITC runs to measure enthalpies of binding (ΔH°b ind ) and association constants (K a ) for BTA in the presence of each anion.
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The Competition Assay. We estimated thermodynamic parameters for the binding of anions to the Zn 2+ cofactor (the formation of ion pairs between anions and Zn 2+ ) by following the method developed by Zhang et al to measure binding parameters for low-affinity inhibitors. 7 Briefly, in the presence of a low-affinity inhibitor (an anion from the Hofmeister series, Figure 1A) 
and (iv) we corrected for ionization of BTA in water by employing Equation S7, where θ Ar-SO2-NH2 is the fraction of protonated BTA.
where
is based on the assumption that BTA ionizes exclusively in the aqueous phase. In
, the pK a of the sulfonamide group of BTA was adjusted for different buffer solutions in as described above.
To estimate ΔH°o w , we carried out the following steps: (i) we prepared 800 mL stock solutions consisting of 400 mL octanol + 400 mL buffer (10 mM sodium phosphate, 100 mM sodium salt, pH 7.8), and we placed these on a shaker for 24 hours; (ii) we measured 
∆°, = ∆°, (S10)
is based on the assumption that BTA does not ionize in the octanol phase. Equation S10 corrects ∆°, for the enthalpy generated by the transfer of a proton from the sulfonamide of BTA to HPO 4 2- . In Equation S11, the pK a of the sulfonamide group of BTA was adjusted for different buffer solutions as described above; (iv) finally, we estimated ΔH°o w by employing Equation S12:
Using estimated values of ΔG°o w and ΔH°o w , we calculated values of -TΔS°o w in the presence of each salt. All values are reported in Table S5 and plotted in Figure S2 . At concentrations of 100 mM, sodium salts of various anions did not significantly alter estimated as "mother liquor"); (ii) we mixed 2-3 μL of protein solution with 2 μL of mother liquor within a single drop on the surface of a reservoir cover (EasyXtal CrystalSupport, Qiagen); (iii) we added 1 mL of mother liquor to a clear plastic reservoir in a 15-well plate (EasyXtal, Qiagen); (iv) we attached the reservoir cover to the reservoir, and we left the entire setup at 4°C.
We soaked the crystals of HCAII with anions by carrying out the following steps: (i) we prepared soaking solutions containing 1.32 M sodium citrate, 1 mM ZnSO 4 , 100 mM Tris-HCl (pH 7.8), and 100 mM sodium salt (NaSCN, NaClO 4 , NaI, or NaBr); (ii) within a single drop on the surface of a reservoir cover (EasyXtal CrystalSupport, Qiagen), we added 4 μL of soaking solution and 1-2 crystals of HCAII (picked via crystal loops from the crystallization droplets);
(iii) to a clear plastic reservoir in a 15-well plate (EasyXtal, Qiagen), we added 1 mL of soaking solution; (iv) we attached the reservoir cover to the reservoir and left the entire setup at 4°C. We carried out soaking for ~1 week.
X-ray Crystallography. We collected X-ray diffraction data by using beam X-25 and the ADSC Quantum Q315 CCD detector at the National Synchrotron Light Source (Brookhaven National Laboratory, in collaboration with the Mail Program). 10 For each crystal, we collected diffraction data under a stream of liquid nitrogen (i.e., cryo-cooled). Reflections were indexed and integrated using HKL2000, and scaled using SCALEPACK.
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Solution of Crystal Structures. We analyzed diffraction data using the CCP4i suite of crystallography software and previously published procedures. 12 Table S7 (ii) we swapped the ion from the HCAII-anion complex to the template structure; (iii) we used zero-order bonds both to restrain the negatively charged ions to their starting geometry with respect to the Zn 2+ cofactor, and to restrain the Zn 2+ cofactor to the protein; and (iv) we subjected each newly generated protein-anion complex to the molecular dynamics simulations described below.
For each anion-HCAII complex, we carried out WaterMap calculations as described previously. [16] [17] [18] Briefly, we performed molecular dynamics simulations using the Desmond MD engine 19 with the OPLS2005 force field. [20] [21] [22] The protein-anion complex was solvated with a TIP4P water box extending at least 10.0 Å beyond the protein in all directions and the default Desmond relaxation protocol was used; this protocol involves successive stages of constrained minimization followed by gradual heating to the final temperature of 300 K. After the relaxation step, we performed a 2.0-ns production MD simulation at a temperature of 300 K and pressure of 1 atm with positional restraints (5 kcal/mol/A 2 ) on the protein non-hydrogen atoms, extracted molecules of water from 7000 equally spaced snapshots, and subsequently clustered these molecules into distinct hydration sites. We computed the excess enthalpy (ΔH WM ) of water within each hydration site by taking the difference between (i) the average non-bonded interaction energy of waters in each hydration site from the HCAII-anion MD simulation and (ii) the analogous quantity in the bulk fluid. We computed the excess entropy (−TΔS WM ) of water occupying each hydration site by using inhomogeneous solvation theory. 23, 24 We computed the free energy (ΔG WM ) by summing excess enthalpy and entropy.
To score each protein-anion system, we summed the energies of all hydration sites within a specified radius from the Zn-bound anion. the Zn-bound anion in both the anion-HCAII and anion-free complexes (in the anion-free complexes, we summed the thermodynamic contribution of waters beyond specified distances from where the ion would be if the HCAII-anion complex was superimposed).
Appendix 1. The Hofmeister Series.
The Hofmeister series is a qualitative ranking of ions based on their tendency to precipitate proteins from aqueous solution ( Figure 1A ). Since its development, numerous studies have linked this series to a wide range of physical phenomena 25 (e.g., the tendency of ions to promote protein crystallization, 26 to prevent the hydrophobic collapse of polymers, 27 to drive colloidal assembly, 28 to activate enzymes in nonaqueous media, 29 and to trigger sol-gel transitions 30 ). Despite their seemingly ubiquitous influence, however, Hofmeister effects-or specific ion effects (as opposed to nonspecific or Coulombic effects)-remain poorly understood on a molecular level. 31, 32 Recent evidence suggests that Hofmeister effects arise from direct interactions between ions and macromolecules, and between ions and the first solvation shells of those macromolecules; 8, [33] [34] [35] [36] [37] ions, by perturbing the net charge and/or solvation structure of macromolecular surfaces, alter the thermodynamics of intramolecular and intermolecular assembly. This mechanism is supported by (i) spectroscopic and thermodynamic studies showing that ions have a negligible influence on the structure of bulk water, 38, 39 (ii) molecular dynamics simulations evidencing ion-specific binding sites on the surfaces of proteins and protein-like polymers, [40] [41] [42] and (iii) biophysical studies showing a correlation between the influence of ions on the stability of polymeric structures and the tendency of those ions to polarize molecules of water, to order water at interfaces, or to enhance the free energetic cost associated with hydrating hydrophobic surfaces. 27, [43] [44] [45] Despite an emerging consensus that Hofmeister effects arise from interfacial phenomena, however, the specific ion-macromolecule and ion-water interactions in which ions engage at interfaces-and the thermodynamic mechanisms underlying those
interactions-have proven difficult to examine directly and, thus, remain the subject of substantial controversy.
31,32,46

Appendix 2. Ion Pairs and the "Law of Matching Water Affinities"
In solution, the association of two small, strongly hydrated ions-a process that often results in the entropically favorable transfer of molecules of water from the solvation shells of those ions to bulk water-can be entropically favorable or unfavorable, depending on the entropic cost of forming an ion pair; 47, 48 by contrast, the association of large, weakly hydrated ions, which often results in the entropically unfavorable transfer of "mobile" molecules of water from the solvation shells of those ions, tends to be entropically unfavorable. 47 Regardless of the overall sign of the entropic contribution, however, the formation of ion pairs in aqueous solution tends to be dominated by the enthalpic term. 47, 49 In accordance with the aforementioned discussion, the Law of Matching Water Affinities can be discussed (and often is discussed) in the context of enthalpy. 42, 46, [49] [50] [51] [52] In this context, the S14 theory suggests that two ions associate with one another when the enthalpic cost of partially desolvating those ions is more than compensated by the enthalpic benefit of either (i) forming an ion pair (for small, strongly hydrated ions that engage in ion-water interactions that are more enthalpically favorable than water-water interactions) or (ii) water-water interactions (for large, weakly hydrated ions that engage in ion-water interactions that are less enthalpically favorable than water-water interactions).
Appendix 3. Iodide in the binding pocket
In the main text, we refer to the binding sites of iodide in order of their proximity to the Zn 2+ cofactor (I-1 through I-4, closest to farthest away) ( Figures 2B-2D ). I-1 and I-2 (positioned 2.4 Å and 3.8 Å, respectively, from Zn 2+ , and 1.7 Å from one another) denote alternative binding sites for ion-Zn complexation, and are not occupied simultaneously; these sites likely permit the formation of an inner-sphere ion pair (one that involves ion-ion contact) and an outer-sphere ion pair (one that involves a shared solvating water), respectively. I-3 (positioned 5.7 Å away from Zn 2+ ) denotes a binding site at the border of the hydrophilic and hydrophobic surfaces ( Figure   3B ); it sits in close proximity (3.5 Å) to the amine of Gln-92. Its distance from the I-2 site (3.7 Å) suggests that iodide does not occupy the I-2 and I-3 sites simultaneously. I-4 (positioned 11.9
Å away from Zn 2+ and 6.8 Å from I-3; Fig 3D) denotes a binding site within a small hydrophobic declivity formed by five nonpolar side chains near the mouth of the binding pocket ( Figures 3B   and 3D ). When the I-2 site is not occupied, the binding pocket of HCAII can hold three iodides (I-1, I-3, and I-4); when the I-2 site is occupied, the binding pocket can hold two iodides (I-2 and I-4).
Appendix 4. Charges in the I-4 Binding Pocket
The n/a n/a 6.9 *10 mM sodium phosphate (pH 7.6) with 100 mM of the indicated sodium salt. Sodium salts, as shown, indicate the dominant anion present in solution at pH = 7.6: HPO 4 2-(72% of total phosphate species) and H 2 PO 4 -(28%); HCO 3 -(95%) and H 2 CO 3 (5%); all other anions (100%). 
